The smart grid will be rich with technologies and devices that work at every level of power generation, transmission, and distribution. PQ meters, and systemwide PQ monitoring will indeed contribute to clean power reaching the consumer. Consumer participation is a distinctive feature that promises sustained maintenance of power quality. It is in this context that, fast detection algorithms for detection of short duration disturbances play a vital role in the functioning of monitoring devices.
Introduction
Any power problem that results in voltage, current or frequency deviations is a power quality (PQ) problem [1] . Disturbances in the supply system are a concern to the consumers primarily due to their effects on performance and life of the equipment. By IEC standard [2] , a voltage sag is defined as a short duration (half a cycle to one minute) decrease in the supply voltage between 0.1p.u. and 0.9 p. u. at rated power frequency. In most cases, the duration of the sag is between 10ms and 1 minute.
Voltage sags are the most common which impact sensitive equipment that lack sufficient internal energy storage to ride through the sag.
Impulsive transients are generally the result of lightning. Oscillatory transients resulting from capacitor switching are of lower magnitude. Low voltage equipment can be protected from impulsive transients by using the concept of zones of protection to apply surge protection devices and shielding techniques. Impulsive transients on electricity distribution networks can be controlled to some degree by the use of shielding conductors on overhead power lines and by using surge arresters [3] .Capacitor switching transients can be controlled by using preinsertion resistors and inductors in the switching device, by using synchronous-closing switches, and by detuning power factor correction capacitors or replacing them with harmonic filters, as appropriate.
The effect of disturbances [4] on general equipment such as transformers, motors etc., has been a reduction in the capacity, increased losses and reduction in life. Computers and most other consumer electronics equipment, which consist of low-power electronic devices, are highly sensitive to voltage disturbances. Even if the equipment does tolerate the sag at some instances, repeated operation of under voltage relays, unbalanced relays or quick-acting relays in emergency off (EMO) circuits can cause unnecessary shutdown of the entire system. The impact of transient over voltages can be summarized as [5] , Damage to internal components (mainly semiconductors) with insufficient voltage withstand capability. Failure of the Surge Protection Device (SPD) in the equipment due to excessive current through it. Malfunction or damage of electronic loads with rectifier-capacitor input by excessive rise of dc link voltage, or by damage or shutdown of the high frequency switching stage. Insulation failure of equipment without a SPD or input rectifier capacitor power supply. This results from the voltage withstand capability being exceeded. Breakdown voltage depends on volt-time characteristic of the insulation and increases as rise time of the transient decreases. Data errors in data processing equipment due to fast dv/dt (capacitive) & di/dt (inductive) coupling resulting from the initial wave front of the transient.
There are many approaches reported on real-time disturbance detection of different types in three phase supply systems [6] . Some of them are based on the conversion of ac voltages to a dc voltage that is obtained from a rectifier-filter arrangement. Any disturbance in the ac supply is reflected as a change in the dc level. When the disturbance is unbalanced, some ripple accompanies the change in the dc level which requires additional stages to convert the change to a trigger signal. The drawback of the above method is in the delay brought about by the filter. There are numerous methods reported based on wavelet analysis of voltage signals such as in [7, 8] . The wavelet transform is a complex, time-consuming algorithm very useful when the disturbances have to be classified into families, according to their characteristics. This can be done off line with algorithms for analysis of the disturbed signal after detection that need lots of processing time and memory. This leads to an increase in cost. The closest method reported in literature to the algorithm proposed in this work is in [6] based on resultant space vector on a rotating reference frame However, this is found to have delays in the detection time due to additional stages of processing needed especially in the case of unbalanced sag detection.
A simple detection algorithm based on the method of Space Vectors that facilitates a real-time detection, quantification of the magnitude of the disturbance, time of occurrence, quickly and accurately in both balanced and unbalanced cases of sag occurrence is presented [7] . Real time testing of this algorithm has been conducted and is found to be accurate and quick. However, in this paper the functioning of the algorithm in the presence of transients is also explored.
The Detection Algorithm
The disturbance detection algorithm must accomplish the following [8] .
1. Detect all the disturbances whether occurring on one of the phases or on all the three phases immediately. Quick detection facilitates initiation of quick responses.
2. Clearly distinguish a disturbance from other variations by delivering a trip signal only if the disturbance is beyond specified ranges for that disturbance.
The algorithm [7, 8] 
The magnitude of the resultant space vector can hence be found as, (2) Under balanced conditions, the phase voltages have a fixed peak value of V p .u. and hence the resultant space vector has a fixed value given by, = 3
Under normal conditions with as 1p.u.,
Let the deviation in magnitude of the resultant space vector from its nominal reference value be, = -
The magnitude of the resultant space vector
, is a value which can be determined at every instant by sensing the three phase voltages of the utility using equations (1)and (2) .This value varies with changes in the level of the phase voltages(which happens during a disturbance).This value is compared with at every sampling instant. The deviation , is utilized in further processing to generate the trigger signal which quantifies the instants of start and end of the disturbance as well as the magnitude and type of the disturbance. The positive polarity of the deviation obtained, is indicative of sag.For disturbances that are un balanced, in magnitude and phase, the resultant space phasor (2), has oscillations and further processing introduces an error in the magnitude of deviation measured as well as time delay in the detection process. Figure. 1,shows the block diagram representation of the process involved in determining the magnitude of the resultant space vector based on a stationary frame of reference. The first step is to determine the positive sequence components of the three phase input signal. A periodic three phase voltage signal Va , Vb and Vc, with or without neutral conductor, can be decomposed in the following way into sequence components which are well known. The positive sequence components are extracted according to equation (6) . Simple calculations are sufficient to extract the fundamental-frequency positive-sequence voltages, eliminating odd and even harmonics. The method is based on obtaining the positive-and negative-sequence components of the grid voltage, by applying the symmetric component theory to the voltage vector transformed into stationary reference frame namely (α−β). This is followed by the process of determining the magnitude of the resultant space vector from the instantaneous values of these positive sequence components as per equations (1) and (2).
(6) Figure. 1 also shows the process of generating the trigger signal after measuring the deviation using equations (4) and (5) in the magnitude of the resultant space vector from its nominal value during a sag under both balanced and unbalanced conditions of magnitude and phase. Relays1 and 2 are used in order to distinguish between the occurrence of disturbance under conditions of balanced phase and unbalanced phase. The value of is less than =1.5p.u for all cases accompanied with an unbalance in phase. This condition is detected by the switching operation of relay 2 during a disturbance accompanied with phase unbalance.
Functioning of the Detection Algorithm for Different Cases
The algorithm is tested for its functioning using test signals corresponding to all cases of sag occurence.
The simulations are done using Matlab/Simulink .
Normal Conditions of magnitude and phase, in the presence of Harmonics
In Figure. 2, the input signal considered is not purely sinusoidal, but has a peak amplitude of 1.0.p.u,with a fundamental frequency of 50Hz , along with the third and fifth harmonic components in all the three phases. The positive sequence components extracted are observed to be purely sinusoidal of peak amplitude 1.0.p.u and with a frequency equal to that of the fundamental component of 50Hz. The magnitude of evaluated has a value equal to that of =1.5p.u at all instants. Since there is no deviation in the value of the resultant from the reference value, the trigger signal is also found to have a value of zero at all instants. Thus, the algorithm works successfully in the presence of harmonics in the input signal. 
Balanced Sag of 60%
A signal is shown in Figure. 3 with a balanced sag of 60% on all phases from 0.05 seconds to 0.5 seconds. The positive sequence components of the signal obtained are not different from the disturbed signal since the signal is balanced in phase and magnitude. The magnitude of the resultant space phasor obtained is found to be equal to the evaluated according to equation(3) to be 0.6p.u. The trigger magnitude obtained is equal to the deviation estimated from the nominal reference value according to equation (5)which is estimated as 0.9p.u in this case. There is no time delay observed in the detection of the disturbance. The results obtained indicate accurate and successful detection and quantification of a balanced sag.
Detection of Sag of one cycle duration
This signal considered as shown in Figure. 4, has a sag of 50% for a duration of one cycle (20msec) from 0.06second to 0.08 seconds. This case is considered to check the effectiveness of the algorithm in the detection of sags of very short duration. Positive sequence components are obtained and magnitudes of these components have dropped from a nominal value of. 
Detection of Sag which is unbalanced in Phase and magnitude in two phases
The successful detection of sag which is unbalanced in phase and magnitude is as shown in Figure. 5. The signal considered has a sag level of 40% in Phase A, 60% in Phase B occurring at a phase of 60° from the zero crossing and 50% in Phase C occurring at a phase of 210° from the zero crossing . The magnitude of the resultant is found to deviate from a value of which is less than 1.5.p.u in this case due to phase imbalance and is detected by the operation of relay 2. 
Detection of occurrence of repetitive impulsive transient in one of the three phases.
In the case of detection of occurrence of transients selective accuracy is of utmost importance. The signal considered in this case is the repetitive occurrence of impulsive disturbances. This signal is considered in order to test the effective functioning of the algorithm under unbalanced conditions along with the occurrence of a transient. The occurrence of the transients is clearly reflected in the form of magnitude deviations from the nominal value on the resultant space vector without any time delay as observed in Figure.6 Figure. This happens during the energization of a large transformer during black start conditions [11] .There would be number of peaks about the same magnitudes for a relatively long time. Figure. 7. Detection, during temporary over voltages in all the three phases This can result in tripping of over voltage relays resulting in surge arrestors are also sensitive to these voltage ranges and hence there is a need to distinguish its occurrence. It seen that in this case the magnitude of the resultant space phasor is superposed with oscillations of frequency equal to that of the difference of the frequency of the over voltages and the power frequency. This can be the range of 100Hz to 1kHz.If the magnitude of the space phasor thus obtained is passed through a low pass filter with a cut-off frequency equal to the that of the power line frequency, the oscillations are stabilized and the deviation in magnitude of the resultant can be now quantified. During normal operation however, the magnitude of the resultant space phasor is restored at its nominal reference value as seen in Figure. 7.
Conclusion
The algorithm can be used to detect the occurrence of short duration disturbances in the power supply such as sags, swells as well as transients. The results obtained are indicative of fast detection. The distinctive feature is the simplicity of the algorithm for detection with mathematical transformations that can be implemented easily using a micro controller or a digital signal processor. The information obtained about the magnitude of the resultant space phasor and its deviations from the nominal value can be appropriately quantified through the use of suitable logic to distinguish the occurrence of disturbance types and their classification .
